Semantic processing is a high level cognition function of the human brain. It has been argued intensively whether this process could be accomplished in the absence of awareness. Continuous flash suppression (CFS) is a powerful approach to create stable unconscious state. In this study, subjects were required to observe a series of paired Chinese words and judge the correlation between them in CFS paradigm. A negative component of event related potential, N400, and a Brain symmetry index were used to measure whether the meaning of the paired stimulus was registered in subliminal semantic processing. Analysis didn't detect a significant difference in N400 response and EEG signal symmetry between correlated and uncorrelated pairs under unconscious condition. These results support the view that semantic information of Chinese character processing is absent without consciousness created by CFS.
Introduction
Semantic processing of words is a high-level processing of human visual function. Traditionally, people hold that it requires awareness to recognize and analyze the relation of words. For instance, many experiments demonstrate that high-level visual information, i.e. faces and words could not be processed without awareness under visual suppression [1] [2] .
Nevertheless, there is controversy concerning whether semantic visual information could be processed unconsciously. People argue that subliminal visual sion, but also facilitated abstract mathematical computation.
To study subliminal semantic processing, it is required to access an unconscious visual state during the experiment. Interocular suppression provides an effective mean to create an unconscious state for visual stimulation [6] [7] . It is also utilized to study to which extend and to which brain area the visual stimuli could be delivered and processed without awareness [8] [9] . Continuous flash suppression (CFS) is a variant of interocular suppression which produces stable and deep suppression caused by accumulated effects of multiple flashes [10] [11].
Kutas and his colleague found a negative ERP (event-related potential) component, N400, which would appear around Fz Cz Pz position 400 ms after the onset of detection of unmatched word pairs [12] . Visual sensation of ambiguous, unrelated, non-word, or new word pairs elicits N400 component [13] [14] . It is utilized to objectively reflect brain reaction to such a word pair in linguistics and psychology research. An experiment supports that subliminal presentation of English word pair was not sufficient to induce semantic processing by measuring ERP N400 [15] . Comparing with Latin word, Chinese word expresses not only pronunciation attribute, but also its meaning from its appearance. A behavioral result shows that emotion related Chinese character breaks suppression slower than other groups, which implies that there might be subliminal processing of Chinese character [16] .
Nonetheless, EEG evidence is still lacking whether there is semantic processing for Chinese word pair under unconscious state. In the present study, we measured N400s and a brain symmetry index to clarify if Chinese word visual stimulus is processed in the absence of awareness.
Materials and Methods

Ethics Statement
The experimental procedure was approved by the Beijing Institute of Technology, Beijing, and by the governmental regulations of China. All the participants gave written informed consent before starting the experiment which was approved by the Academy of Beijing Institute of Technology's academic committee.
Subjects
Thirteen healthy volunteers (5 females, age range 22 -30 years) with normal or corrected-to-normal vision participated in the experiment and were paid for participation. The whole procedure takes 3.5 hours to finish for each participant. All the tests were completed in two months. Person who has amblyopia, hypochromatopsia, or problem with visual stereopsis will not be recruited. All participants graduated from university. They were well educated with Chinese characters and were right hand dominant. Their eye dominance was measured according to Yang et al. [16] before the experiment.
Apparatus
Stimuli were recorded. These electrodes were referenced to the right mastoid and grounded to forehead. Sampling frequency was 1000 Hz and the gain of the signal was 20,000 and bandpass was 0.01 -100 Hz.
Stimuli
Visual stimuli were composed of a primer and a target double-character Chinese word (1.68˚ × 1.68˚) that randomly appeared above or below a central fixation 
Procedure
Participants were introduced to sit on a chair comfortably with head laid on a headrest to ensure the consistency of distance between eyes and screen of the 
Brain Symmetry Index
N400 component distribution is asymmetrical among all electrodes depending on stimuli type and brain area involved in the process. Chinese character is a compound of pronouncing, font face, and meaning, which might require various brain areas to function simultaneously. To this end, brain symmetry index (BSI) was used to quantitatively measure the symmetry of EEG signal distribution [18] [19] [20] by comparing left and right electrode pairs. Firstly, average spectral Figure 2 . Illustration of visual stimuli sequence of a trial. Primer word was presented to both eyes in identical position in each frame after 1000 ms of fixation. Four Mondrian images were presented to one eye in turn after another 1000 ms. Target word (丰收, means harvest) was shown to the other eye for 100 ms with the third Mondrian image. A 500 ms period was followed by behavior judgment session which required subjects to choose REL or UNR by pressing number key 4 or 6 to indicate.
density of EEG signals ranged from 0 to 35 Hz was calculated. We wrote for the absolute power of signal obtained from a paired channel 1, ,
. Thus, now BSI could be defined as:
with N the number of electrode pairs and M the value of Fourier coefficients.
Distribution of all the electrodes is normalized and integrated into the BSI. The maximum of BSI would be 1, implied completely asymmetry, whereas the minimum of BSI was 0, referred to perfect symmetry for all channels.
Analysis
The signals were further low-pass filtered offline using EEGLAB (version 13.4b, basic FIR filter with 0 -35 Hz for both end of frequency end). We manually reviewed and discarded the trials with eye movement, eye closure, or nearby muscle noise. The point of origin of the ERP signal was the onset of the target. The signal prior to target served as baseline (−200 -0 ms). The sampling rate was Journal of Behavioral and Brain Science 1000 Hz. Waveforms were band pass filtered (0 -35 Hz). It was considered significantly different when p < 0.05.
Results
We created an unconscious state for subjects while watching related or unrelated Chinese word pairs. Participants had an obligation to response related and unrelated words by pressing two buttons. Reaction Time (RT) longer than 4 s would be excluded from data analysis. Mean RT for REL trials was 637.41 ± 306.96 ms (mean ± SD), and for UNR trials was 690.23 ± 303.82 ms. There was no significant differences between them (paired t-test, t = −1.816, p = 0.094). It indicated that relationship of primer and target did not influence the RT of subjects. Accuracy of behavioral response of all the subjects ranged between 43.64% and 95.45% (67.83% ± 16.32%). In detail, response accuracy for related word pairs was 58.04% ± 21.33%, and for unrelated pairs was 77.62% ± 21.6%. Among them, accuracy for related pairs of two subjects was >90%. For unrelated pairs, however, accuracy of eight subjects was >90%. It implied that they might be aware of the meaning of target words even under CFS suppression. Paired t-test found that accuracy for unrelated word pairs was significantly higher than related pairs (t = −2.433, p = 0.032), indicating that unconsciousness created by CFS might be more effective for related word pairs than unrelated pairs. Two tailed one sample t-test showed that P-value of behavioral response accuracy of other trials (52.58% ± 3.15%, mean ± SE) was 0.431 comparing with 50%. Thus, accuracy of these trials was not significantly different from the chance level which showed that target words were suppressed effectively. The results of participants who were aware of the meaning of target words would be defined as the control group (Control), while the results under unconscious state served as the experimental group (Suppresion). Figure 3 (a) and Figure 3(d) showed the averaged ERPs of three vital electrode Fz, Cz, and Pz across 5 subjects for experimental group and 8 subjects for control group. A trough appeared after the onset of target words and followed by a rising period approximate 200 ms. The waveforms showed different trend for experimental and control group. While participants in control group awared of the target words consciously, the ERP waveforms ignited by unrelated word pairs were obvious higher than those by related word pairs. On the other hand, waveforms of suppressed state behaved similarly for REL and UNR. Topograh (Figure 3 . T-test demonstrated that the differences of all the suppression groups was significant higher than control groups (p < 0.001).
Unbalanced variant trend of EEG activity in each hemisphere was observed in 
Discussion
The present study adopted CFS paradigm, a variant of binocular rivalry, to examine whether the meaning of single Chinese word can be processed unconsciously. By using CFS paradigm and measuring accuracy of response, partial awareness state is clearly identified and defined as control group. N400 in Studies regarding N400 demonstrate that potentials of EEG electrodes in each hemisphere are not symmetrically distributed [13] [21] [22] . Consistent with Kutas, et al. [22] results, our experiment shows that unrelated words elicit stronger potentials on the right hemisphere, but not related words, even if left hemisphere is considered significant in language comprehension. In suppression condition, this phenomenon is attenuated by continuous flash suppression.
Right hemisphere is also important in noticing anomalous words in priming context [23] . Another experiment finds that both hemispheres exhibit similar responses to different ranges of message constraint sentences, more or less predictable in N400 component [24] . An fMRI study shows that invisible words or sentences could be discriminated in left posterior superior temporal sulcus and left middle frontal gyrus [25] . These results may suggest that both hemispheres are critical in language expectation and comprehension but right hemisphere might involve more in processing of unexpected or unrelated word. Thus, brain activity distribution symmetry is a possible index depicting processing of semantic analysis taking place in visual pathway.
We presume that the different distributions of neural representation are resulted from the difference between Latin and Mandarin language in the beginning. Diverse structure of Chinese character elicits split reaction in two hemispheres which indicate that semantic and phonetic parts of a character are processed separately [26] . However, fMRI and MEG studies find that English or
German sentence was processed in left temporal sulcus, middle temporal area, and left middle frontal gyrus [25] [27] . For the case of Mandarin, visual naming and word making tasks activate left fusiform gyrus, left middle frontal gyrus, and left superior temporal gyrus [28] . The brain areas recruited for Latin and Mandarin language are similar. Another MRI study supports that, during translation between English and Chinese words, neural representation among different people is conservative [29] . Thus, the diversity of neural activity distribution and asymmetry is derived from different tasks and stage of information processing.
In the current study, power of theta frequency of Cz demonstrates stronger reaction to related word pairs than unrelated counterparts. Recent research has demonstrated that different ranges of power bands response differently to semantic stimuli. Grammatical error sentence induces beta power decrease in adult subjects [30] . Theta frequency may reflect interaction of semantic processing and working memory, while gamma band indicates activation of neural network for semantic analysis [31] . Alpha power decreases when emotional words are perceived [32] and desynchronized when well-known knowledge is violated, but not theta or gamma band [33] . These results indicate that not only ERPs, but also time-frequency components correlate with semantic in-Journal of Behavioral and Brain Science formation processing.
The current study requires participants to recognize relationship between primer and target word. The single Chinese word fails to break the interocular suppression. However, we cannot rule out the possibility that early stage unconscious processing still exists. It is worth studying whether more salient stimulus, like emotional word or complete sentence, break the suppression and enter awareness or not using electrophysiology techniques.
